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INCIDENT LIGHT 



m (54) Title: PHASE SHIFT MASK AND PRODUCTION METHOD THEREFOR AND PRODUCTION METHOD FOR SEMI- 
CONDUCTOR DEVICE 

^= (57) Abstract: A phase shift mask for ultra-short ultraviolet 

ray capable of being actually constituted by properly com- 
bining refractive index and absorption coefficient even if a 
ultra-short ultraviolet ray is reflected. A phase shift mask 
(10) comprising a reflection multi-layer film substrate (11), 
and a first region (12a) and a second region (12b) fornied 
on the substrate (1 1) is formed by specifying the phase and 
reflectance of a reflection light of a ultra-short ultraviolet 
ray obtained from an arbitrary complex refractive index for 
a ultra-short ultraviolet ray and an arbitrary film thickness. 
Respective film thicknesses and complex refractive indexes 
of a formed film in the first region (12a) and a formed film 
in the second region (12b) are set based on the specified re- 
sults so as to produce a specified phase difference between 
the reflection light of a ultra-short ultraviolet ray in the first 
region (12a) and the reflection light of a ultra-short ultravi- 
olet ray in the second region (12b). 
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t^mm\^xtji^^ts'^y ^^^^ (io> 

©i#«iss*»icL-c. %^mm (1 2a)^rog 
sssnjteoRi^ittmafiii* (12b) -e«>«s^ 

(12a) <nJKJi!cMfc*t;m2«l« (12b) (Df&mm 
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5 wm^^m 

10 mm<Dmm:f5m\z.m-r^o 



z(D ^ot£.mnM\:.(Dmik\z-o\^xn. v-jt. y (Dm^\zm^^^^^^(D 

^^^i:Y)m.^mzt^^h-vn)^>'ifl'^miit^^o mXU. 350nm(Z)|g 
^)V—}V<D^mWm:m.\Z\t 365nm (DISS, 250nm ^^XS ISOnm (DWtWt 
;V-;V®^S#^^BlC^^ 2 48nin CDj^ft, ISOnm ^fe^tK lOOnm ©^Bt;V 
20 193niii (D?^:StVi>p;^c:J;'5 fC. 

i|ffl^t:*tiitfa<h\ n%\zm\'^^^^%(om^%m^^it'^n. '^^\Z\t 
157nm V:^ Sn^S J: "5 1^:^5:0 T^TV^ ^ » 

—1st;:, z.n^<Dm^\z^:^m\l^mt. w=kix (A/NA) i:V^ 
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nmmm^m^m^^n\tk. i =0.35 mm^xmi^x^ ^ 11 t'^m 

e:oi/-f ^)-0^\z<kn\t. m^u i57nm (Dm^^m\f^rcm'^\zm 
}t^f)^'^mf3imn^<DAi$' — >m\t. na==o.9 <Du>x^mif^^tTn\,t. 

m^n^^fdisbiz^t. i57nin cfc 0 ^izm^-^o^^^^m^^^'^-^f)^ 

10 a&So 

^^316 (EUV ; Extreme Ultra Violet) t^ittl^ 13. 5nm 

13. 5nm (Dm.^<DmM^^yt\z-o^^x\t. mmmm^^yt^mm<Dm-^ 

7.^\zxm-^n^yttmKiz=^^-r^^tf3i<. mmyt^^izm^-^n^ 
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O-y^Xi^^fflVifeJg-a-. NA = 0.3. a =0. 8 O^^S® iC:feViTJi, 
^tfi 3.44±2. 75° OtL^^^n-^'T'^ 7.^ ±.\ZXmt ^ ^ h\Z.1t^ o 

^tc. '^:L;\±.\zA^(DmAM^m^n^^7.c^^m^^t:im'^. na= 

10 ^KOJc-^TSiHItM^T.^ tdJ: D 13. 5nin <D?^S(D@^^^5fe^Slt-r 
^^-a-. M;tt^NA = 0. 25 (^K^^Sfc:feViT«. ±MU;/bl/-rU- 
k 1 ^0. 6 ©^#Ta5ntf > 32. 4nin (D^tl^ J^^T^ Z. hifi 

itizhMm'pjmtfs.^(Dx$>^. 
t^^x. m:¥xu. mmih\zM'r^mMi)^M.mizm/vx^K). 

20 h/i^-^uD-^ X(Dum^ -r^^ctfc-^ k Ko. 6 

uz^T. ^±^I|i^c*5ViTt> 2511m mmfj^-^-^n^^z^^xi^^^o z.<d 

2 5nm h^iUfC"::) ViT«> 1 3. 5nm TN A = 0. 25 <D^^^ 

ff®^-^^::. l/-r U-©^:^iS k 1 =0. 46 <i:75:^o z.(D^ot^-^^X 
25 ©i^^i^J^^-r^^^'&J^ltt^ ¥fc: 13. 5nm 0?gE:^(D@^^^^^C:n^ 
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*fc«(Dl/'^>y >M'f4^ffi->7 h-T7.f5^ (*fc« r:r;Vi$^^ 

— T-^ >iJ^^^'f@S^>' h-^X^J <hfeV^5) ^fflVi^ H i:;?>^^6.nTVi^o 

20 yt<D]^Mm-hmm\zm<ti'XV^t>rci^. ^^i^y h^y.^^m^-r^ 
mm-r^z.txyt(DiiLm^f)m^^\z i8o° 
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180° 'VKHm-^mi^\zmv^^mm^m^'r^^h%m^-^nx\^^ 

f)^^. mm^^yt\zMft^vr:iRMm<DiiLmzyy h'7::^^\z-z>\,^x\t. z. 
n^mmizm^^-r ^ ^h\^^-^mx&^hm^^nx^rc. 
tzLx. :^mm\^. mm^^^<Dii^&izMvx\tt'^:^i7mmtvx 

10 )ibTViS*J)^®ja^^:dt 0. 89 d^?) 1.01 <DmiZ^^VX\f^^ :i 

zs\z^m^mm<Dm7t-:^m^mm'r^zLii^mmt.ir^o 

15 ^BJ©W^ 

:$imm\t. ±fd,mm^m^-t^r^^izmtii-^nr^my6y6(DiiLmi^y h 
'^T.^x. mt^^^Kmvx^m%^^i\zmmj-^^->^^^'r^tz.}^ 
\zm^^^n^®%%(D^mi^y h^:^^x^^x. m%%^KU-t^K 
m^^mmmmt.. mmK%i^mmmu±.\zm^-^nr:LW,im.m^^n^ 

m<D5^^m\z^^-f^^mm^^n^mmmidTmf}'^. mum i m^to^ 

c § J; 5 $ nx ^ <»: <h -r ^ (D -7? ;g) . 
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iB^ 2 mm<Dj^^miz:isn^^mm:^^xs^Mmmmm^mmT^ z. t 

^r^. :^mmiit. ±9&Em^m^'r^rci^izmm-^nrci^mi^mm<D 
10 mmz^m^v. mytyto^^m^^y h'^:;^^^m^^T^my6i^±\zmm/'^^ 

mmmytytizMt^iiiMcD^mmmmt. mmKH^mm&m±\zm^ 
' T^m(D^M(Dmmnz'o\,^x. mmmmmmm^^zsmmm^mi)^^^ 

15 :^^nRMm\zm-^^^x. mm^m^mmmm±(Dmimmx<Dmytyt 

(Dm^miz:^{-f^^mm:^^zs^mmm^m^mMiy. MMhtummm 
mm^^zsmm\zxm$^mimm<D^^m^^nmmm2mm<Dm^m 
20 ^tn^enmrnKU^m^mu^izmrnvx. mmKU^mmmm±iz 
mmm 1 ^m^^zsmmf^2mm.^Mcmhxf3:^mytyt<D^nz^y h-^ 
mmvfcmytytcD^myy h'^7.^^mi^^xmmye^± 
\zmm/'^^->^m^r^z.t^wwL^-r^o 
±t'^m^(Dmytyt(DiiLmyy h^x^. ±m^m(D^mzyy h^T.^ 

mmJiiz]^^-^ti^mimm^^rsf^2mmz'D\,^x. mytyto^myt 
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\t 180° ) ©^ffi^^^^D^. 

10 xn. m$i^m. ^^m. x\t. Rim 



20 mi AmnrnmiBM^t. :$i^miizm^^m>'y h^y.^(Dmmm^ 

m^^'ty ^—9-^— hx^^o 
m3m\t. ^^mm(D-Mcii^m^m'rmmmx$>^o 
25 m4m\t. mK^mm(D—Mci^m^^-tmmmx$>^o 
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^6 A-:7 v-ymw.m-yy hvx^iccfett^ h—^}vmm^t. 
5 -^^m^JB^^^HBB (n) *5c3;tj^^sit^ (k) om^^^^mmm'^ 

o 

0t^> A-:7 h->M{4ffi->>' bVXi^fc:fett^ h-^;H^JP^: 
R u mj?^ J: tJ^ T a N Mi? i CD ^ 0^ H T ^ o 

So 

^9 El«> Ru)l(Z)mi?i:T aNS(Dmff^c^T§^^*S^*3cfctj^V^- 
mi 2SI«. h->M^*B->:7 hT7.i7©NA = 0.25 (DM^ 

25 mi50t*. ^^ffii^(D-:Hr#:^«l^^-riJ^0JSTS§o 
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10 ^2 00^*, m7^i<Du^>v>mmnyy h'^y.^cDmm^mo— 
m^^rmMm (^<z)i) x$>^. 

m2 im\-^. mm. i ou^yvym&nyy h'^x^(D^m^m(D-' 
m^mtmrnm (^©2) x$>^o 
m2 2mu. mmi <Du^>v >mmmyy h^y.^<D^mmm<D~ 
15 m^m-rmMm c^cds) x$>^o 

m2 3 mit. mm 1 (Du^>y ymi^imyy h^^^^ (D^m^m(D~ 
m^^-rmmm (-e©4) x$>^o 

(Dmmmm^m'rm^mx$>^o 

20 ^2 5 0^^, mm2 <DU^>y ymi^^zyy h'^y.i^ \z:i^\^^xmiH^ 

m^m^mmvrciiLmhRmm<Dmm^t (uomm^/^y tvx 
vi^) (Dm^^-rmmmx$>^. 

112 em^t. mm2 (Du^>'j >mi<Lmi^y h'^ys^\z:$in^yt^m. 
^^^^•rmmmx$>^o 
25 m2 7m}t. mm2<Du^>v>m&mi^y h^y.^<D&:^mi (•^^x 
/\±x^^) ^^•rwimmx$>^o 
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m^m u Tc^m t^mmomm^h (m o mm^/-^ ^?^-^tvx 

20 ^(IS:^-riJ&0JE (^©3) T^^o 

^3 7 0«. mm4<Du^>v>miiLmzyy h^y.i7<Dmm^m(o- 

its) ©^®«jt^^T^t^Ell?fe§. 
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15 114 5^«. m7&6<DU^>'J>m&:^i^y h^7.i7(D^mM i^X. 
iTaNtl (^X./\±xm^) iZMT^yt^m^^ (NA = 0.25) ^ 

A±Tg^) izM-r^ytmmi^^ (NA = o.25) ^mTmmmx$>^o 

114 8 m\^. (D.U^>V>miiLmi^y h'^7.i7\z:^Vf^'^X^ 

±TaNi|iM (^X/\±xm^) \ZM-r^yt^^^^^ (NA = 0.30) S 

25 



wo 2004/006017 



•CT/JP2003/008377 



12 

miz^i-f^-jm-^^^vv^^y^jimzx. mmm^yt^^Mvx 
ry3L;\m(Dmm^^±\zmm/'^^-> m^^tm^/'^^-» ^^^f 
10 ^rcib\zm^^^ti^^(ox$>^o fsi^. ^iZLx-n'D ^mm^^^i ^z\t. 

j:uxm^^^nx\^^rc^s^yt<kX)hm^^ m^\t. inmii^± loonm 

^ 1 AMTj^m 1 B0«, :$imm\z^^i^-^i^y h'^:x^<Dmmm^ 

2mML 12b t^A<lbfe»bcDTab?>, 

IJi. M^t^S i (^-rm) S^Mo (^U>''x 

<Dj»^a:Mo)i(Z)P^<t<Djt r yiomn/ (S i ]i;?+MoM 
j») =0. 4 ;i <i:)^?^^^ e>nTv^^o u;^:^^*ot, rm^bm 

mmi ix\t. myt\zm\^^^mm.^^yt(Df^& a is.snm ,ht-§t. 
25 s imtuom(D^wr<Dmmi!)^ (a/2) / (0.9993x0.6+ 



wo 2004/006017 




,PCT/JP2003/008377 



0.921 1 X 0.4) =6.973nm. S i ii Oj* $ y^)^^ 6. 9730 X 0. 6 = 4. 1 84nm^ 
Mom<Dm-^-^'^ 6. 9730X0. 4 = 2. 789nm tfSi^o 

10 ^M#5N-i:bTMV:»'5ii t COTE'S 'boirabntf, m<DM'^ti^^U^-h 

Ta'fb^^. cr (i7nA) *fc«c r 'fki'^tj. w {^yifT.j-y) ^ 
«w{t:^ pL^ti^o 

15 mi 2 hi^mi^-^nxif^^. mimmi 2 aL^2mmi 2h^x\-i. 

^tl^ntc:fett^?^^im (A'-/:7tI^1 3 +®:iRmi 4) (D:Pfi^^3|Sf^ 

Jgil2a, 1 2 h{Zi<LmMiffi±C^J^'5izVrch(DX$>^Xh^\f^ (H 
1 BBI#^) o 

m 1 12a hm2mm 12b .^©{s^g^ t/? ft. ^1 12a 

25 \Z^i1r^AM^^KU^(D^nm^ <t>i^ B2M:^ 1 2 b fCcfetj-^Alt 
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y^(A) = ^i(A)-M^) + (4;i;fecos^)/A • • • (1) 

5 Jio (1) ^CfccfeViT, d lit. '^:;i.i7\zx$iii'r^^i)^^:^^m±m 

m^^t "Yamamoto 
and T.Namioka" "Layer-by-layer design method for soft- 
x-ray multilayers" , Applied Opt ics, Vol. 31 ppl622- 
10 1630, (1992)TM^$tlTVi§:;^feT^86nt^J;Vi. 

^fe. (1) ^^m^^xitmM T}> (A) ^-M^^rci^iz^t. mim. 
mi 2 a tm2mm 1 2 h(Dm^un(Dmmm^m^^'J^-^x^^o mm 

m^mt. m^^tuo : 0.92108-0.006435431, s i : 0.9993- 

15 0.00182645 1. R u : 0. 88749-0. 01 74721 K TaN : 0.94136- 

0. 03157381 tta^o j^mum^^^Mommommmmxm^-^nxi^ 

^M'^iZ^t. }^TiZ^-r (2) ^:^^ZS (3) ^(3j:;-=)T#e>n^'&^ 

m / m 

/I = ^ rtmdn / ^ dm • • • ( 2 ) 




20 
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2 hii^m^m ISO" ) tf3:^^o\z. iiLmz^y hvx^j? 1 0, 
1 0 ' ^1^*^ 1 2 a^^zsm2mmi 2 h\z^n^mmm en 

:7 1 0, 1 0 ' mimmi 2 ai(DM^m^^zsm2mm 1 
2 h(Dmmm\z:^\tf:6^mm^^z^^mmmi^mi()^. mimmi 2 ax 
©@0^^^©sit3fei^2^j^i 2 h-v(Dmmm^yt(DRmy(ih'vm 

(Dmm(Dmmtm2 0mm(Dmmtiz^nxmmt^o 

'T7.i7^m^-r^m'^^mizm^fxm.mir^. m2m}t. miommo) 
mmjz:i5n^^m^y h^:^^ (Dm^^m^^tyu-^^-^- hx$>^o 
/\-y h->mumzyy h'^:^^(Dmm\z$>rc^x\t. ^mm 

20 urx^yy"^ rsj ,hiii§-r) o ^n^m^imm^^nmKMmmit.. 
^^<Dun\zm^'r^^^u<. ^M(DMmm^m\zMvx^it>x:^<o 



wo 2004/006017 CT/JP2003/008377 

16 



m^BlffT^om^ (k) ^ O.OlOOi lc:HJ£bT^8e)TVi§c Si'h. 

m\t. MMmm^o^m^ (n) ^ 0.9100 \zm^vx^it)X^^^o tj:^. 
zLn^(Dm^mm^^rsmKmmm\z:^\,->x. (i) ^<d a xm-^n 

^tmmm^ommz^-^'t^o vt^ti^^x. mmmzw,im.mi 2 &ii 

W>2^m 1 2\yiiX 180' (D^im^^i^nmm(DK^[i^^'^^t:i}fy\Z\t. 

TB:m\zz.n^^zm<Dm^mm^^tsw>Am(Dm^m^Wi^m\'^x. 
15 ^m,mi2a., 1 2h(DmmMPt(D^mm^^i^r^nB.m^WL^-m\t 
^v^o m.Mm^^^^Tsmm(Dn^^m.'^-t^^^\z\^x% 

20 It^^^se)^ (S 1 0 2) o ^bX, W> 1 12a ©l^^lsHtJeKtC^feVt 

.^n^'n^s&s (S103, sio4)o 
z.;ix. m^\tmi Bmyz^vrcm^<D;\—y h — >M&nz^y h-^ 

7.^7 1 0 ' . -r/d:b^m2M^l 2 b JC®;^A'^y ^7 tMI 3 ^^TrbT® 
25 iRMl 4;&tj^^K$tl. miM^l 2 ai:^2M^l 2 h t.X 180° CD^ 
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17 

aNM;¥3?>Unm j&^e, 50nm ©r«^tC:feVir, -^^It^S^ff^ODllgBj&t 
0.890 0.945 (DrBlCO{t^]^f5#^:i<hy0^^t)/&^^o t5 ^ D , 115 0 

10 }i\zis.^o U^. m 1 1 2 a ^3:r3ViT«, A* :7 7 1^ 1 3 *3 ck tJ?S5: 

mm^^nm2mmi 2 h\z:^n^mmmt. m\z^ibx\^^^m^mm 
15 tib^B. mimmi 2 atmzmmi 2 h toj^mmomm. -rts^tD-^ 
m2mmi 2 h (Dmm.m(Dmm^^i?)^ (s 1 0 5) , m 
5 m(Dmmmmm^^^^zsm3m<DmitLnmm^mztn\t. 
sMs^i 1 tcDifLmm^^ 180' i:;^^fejse)©5^*KM (A^;/:7Tmi 3 

+ ®iKMl4) h-iS^^I/mjWi'&^F^itmBiff^co^gP (n) iiOH^ 
20 :^^\ memiz^'T^'Diz-Mmiz^^^o t^c. ^It^Sj^^^Sl 1 ^ 
(D^mmi)^\BO' tfSi^rciiXDRxim O'^yyyi^lS) tTaNM 

bT. ^2Mi^l 2 b©J^^!gM©MiP, -r)^j:fc>-^R uH^ j;rJ^^T a Nil 
25 <DJI^m^^ibn\tJ;:^^o 
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mi 2 a (Dm^mtm 2 mm 12b \zi5n^mm^^yt(D^^m^^i?) 

§ (SI 0 6) o Rmm^t. RuM^^ZST aNm<D'Brmmt^^h-i$^ 

)i'mm\zM-r^'^^mmmmmomm (k) ^^s^. ^(D^^^mmmm 

(D^mmt. 1 — ^ )vmm\zM^^^^mmmmm<Dm^ (k) ton 
^^^TUiHjETabSo sfe. mmmmm(Dm^ (k) 7&t:b5i»mt^. s 

-^^^mmmmmm^ (k) ^sj^tK^jt^^: h-i$^;umi?t(^M^^t)# 

10 "^tX^VX^^^o 

Jici-r, 0.075 J;:^^-rs:®^J*. ^6m(Dp^^ 

/O^S h-i?7;i/j^j]p 43nm Tab D> Z.(Dt^^7 C R u iiODj^ 

14nm:feJ:lXT aNJi(7)mff 29nm 7j;tSfejaVi^#<t LTftSn-Sc 

z.<Dmmiz:^v^x. uTizm^^^^iz. ^\z^m^mmmm<DiEm 

15 ;^{it^fflViT^^^*5cfctK;KI>{-^^5f<J6§ CiT, -fiL^SM 182. 4° 

fe^b. ^6 Ei(Di^^fcj;nt^> KMm^ 0.075 ^zm^T^m^o) 

mm^m^. h — i$^)imm:fy^ 46. Snm :^^ZS 48. 3nm jfi^Jc%#ftUT 

20 n^tLx^^^^cDXJittiii^xDx. &sT\zm^^mmmM^^i^xm^ 
f3i0kn'^^'^m\zmMvx^^\zMtb^j;:^\z'rn\tt^\^^o :L(Dt^. 
^::^^mm\z:Bn^mm^ti^^^izM'r^mmmmm\zM-r^'fti'\z7. 
^mm^±^ <mu-r^rciibiz\t. m^\z^\^^x h—^)vmm(Dmti:)^ 

W-m.y3i^^ (M;!^^ 50. 5nm izWt^t ^ ;i tf)m^V\^^o ZL(D^ 

25 "Diz-rn^t. ±i.5nmmm(Dm.mxh-^)\^mmf)nt^-=>\,^x^. mm 
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^(Dmt. m 1 mm 12a t^2mm. l 2 b t-C ISC ©^4^a*5j;tX 

mmoKMmitjm^n^^'^^z. -^^izmmo^m^^^^ (sio?. 
S108) o z.;i'vmm<omm^n^Mf3i^mm\-i. mem-vms^vx 

?S: ^ « ^# ^ m ^ 26 T 0f M CD & |g *5 J: tXS It ^ & # § J6 T 
fSi^. mmX\t. {4ffi^l80.0±6° *5j;tXA-:7 h->^lt$ 9. 0± 

1%. *5j:r;c-(ar;fg^ 180. o± 6 " ^^zS/\—yh — >KMm^.o±i% 
RuMomm i3nm ^^UT aNmomm 30njD i^m^-ttiu. 

179. 4" ^^zS;\—y h — >KHm 9. 5%®/\— h->M'6Lffiv:7 h 

i^m^n^<k^\Zf3i^o J1J1T> Stt^«> 0. 0070 6 glT^Sfl^ 

nrzh(Dtm~mT^o m oiii*5j;r/mi 1 bi«> Rum(Dmmtc 

C r J10MJ¥^ 34nm tig^f nt^, 'K^illl79.2° :fe J;tXA-:7 h — 

>sit^ 4. i%(D/\~-y h~>m&m~>y x ^ m^^ti^ \zu 

So 

25 z(D^yizLxf^2mmi 2 h (Dmmm<Dmmmmm^2:zsmm^m 
^vr^mziit. ^(Dmm\zm^-:>-oRm0'mmmmi 1 ±iz^mmmm 
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T ^ (D BJ ^ # B^-r § . 

KM^mmmwLi 1 iKD^nm^^^. i^rcm2^mi 2 h^m^^^ 

2m^l 2 h\z:^lff^mnm:fy^ 180° 0 ^ J^^":?, H 2 1 2 b® 

15 0.25. a=0.70 X^^M^\Z. ^ ^ ± 30nin X./\±MBX^^. 
4^VXi^-t?ti 120nm) <Dmn^^MmT^^-JV/^i^'->iZ^\f^yt 

-^T.^izMT^ytmm^mhm'i^x^vx^^^^o mm\z^n\ts ;\-y 

ZLZX\'t. b->Mfiffiv''7 h-TT.!^ t bT, ^1B0 

{cs^UfeP^o-fi^ffli^:? hvxi^ 1 0 ' , -r;^t:)t.^2M^i 2 b (c® 
A :7 T M 1 3 :}3j:tK®iixm 1 Atim^-^nrc%(D^m\zm\ifc-m. 
25 1 Am\zmT^ou/\-y h-ym^m-yy h -7x^57 1 0 ^^i 
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\z. m 1 mm 12a tm2mm 12b t-cu. i8o° (D^m^^^^c^ 
5 ^-rm^Ei-ra5'5o RM^mmm^ 1 i±izx. m 

l^J^l 2 atCt^RulOnm, S i 47nm ;&tj||gicajg $ tl^ ^ 2 1 2 
bJC«Ru5nm^ TaN47nm. R u 5 nm T&^JIiJC^Jl^nTVi^. Hi 

M^l 2 a <D?^^KM0tSfife*-^iN-lcS i ^ffll.^;^c®^i. J^TtcMi^^SS 
(Cck-So S i ©it^JBtff^Ji 0. 99932-0. 00182645i t) . 

bT/h$V:>o Ufe/O^^tpT, Si#5^tCfS. ^(7)]^P*g#«^#^:^^ffJM 

mmi 2 a^m2mmi zhtxiso" (D^mmnj^^c-. vf)>^^(D± 
2 (DmmcDmm') 

:kiz. ^ms^y h-^ :^ ^ <Dmmmm(Df^ 2 (Dmm(D^m\z^^^Tmm 

20 h-^xi^ ^mm-t^m'^^mizmwxmm'r^o mi4m^t. m2(Dm 
mommiz^n ^^m->y h^y.^cDmim^m^^'ryu-^^—hx 

mi 4m\z^'r^'o\z. u^>'j>mmnzyy h'^y!7(Dmm%. ± 
aib^cH 1 (Dmm(Dj^m\zi^n^/\—y h—>mm^->y h^y^i^cDm 

25 (H2 0#K1) i:IB&l^itic:bTff "5 (S201~S208) o Tzf^h. 

u^>v>m^m->y h-rys^iit. mimmi 2 atm2mmi 2h\z 
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:^\-f^^m^^ 180° mfsi^fcnx'JitfsiK. mimi^i 2 atm2mmi 
5 mimmi 2 ahm2mmi 2 h t(Dm^mf)^ i8o° -r^^cit. ©2 

0k^^m^VWn}tf3i^f3:^^ (S 2 0 8) » 

10 -So 

P = (l-i?i(A) / R2(X))xl00 (%) • • • (4) 

^hx. w^i^rcRmmitvizMvx. mmmmi : 1 p 1 ^3.0% 
^mmv. ^(DmM&mi\z^^vx^^nu. ±m(D(D^j^^m&vx 

15 ^^^tf\l^t^o 

±IB(D©^ff^{COViTtA. ^ 1 OHifiODJ^^TiJIBJbfe (1) 
^tCj;oTf#e>n§ i/» (A) JcMbT. f!l^»*P2 : I i/) (A) | ^ 

6" ^jgffi-r^o ^bT> ^(DmMmm2\z^^Lx\^^nu. ±13©© 

1 A|il(c:^b;fe«^(^)fe<D, f T^to-^m 1 MJ^l 2 a:fe<fcr;^2^J^l 

25 ^miz^r^^x. M^i^m^mfx^ & izmi^<wi.m't^o u^>^j>m^ 
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5 (k) ^ 0. OlOOi (C®^bT^Jse)TVi<5„ 

^mtj^H^mmmmi 1 iKD^mm (a) &.T\z^-r (s) 

V/^i(A) = ^i(A)-^(A) + (4;z/iicos^)/A • • • (5) 

10 

(A) j^Tizmt (6) ^(;:<fc^T#^^n-g>o 

^2(A) = ^(A)-^(A) + (4?z*2COs5)/A • • • (6) 
<;r(A) = </i(A)-t/2(A) • • • (7) 

:i<D (7) SC^c:<tt?T#^$n^ll^«^ mi 50Jc^Lfei;5Jc. 

T^-S J:-5 75:#^T> 111^:^1 2 a iim2mmi 2 h (D 

^nm-fy^ ISO" 'v$>^rcib\z\^. mim^i 2 a tm2^mi 2 hom. 

^« 56nin T^nf^^ViJl t>i)tt):d^§ (04' Cl] » 1S?^ 
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T 0. 94 -^h^^-ofSiUn-V. m 1 12a tf^2m^ 1 2 h<D^m 
180° •ra&^fcJse)}:!^. ^ IMJ^I 2 a ^^2^i^l 2 bOD^II« 
i2iim'(:$>nit^^^^^i^ii:>^^^ (04'. [2] #M) . KUm^ 

mi:i^^zsm^mm2^mrc^^^ys:m^m(Dmm:^j^zsmmmiffm^ 
10 ig^-rnt^j:vi„ 

15 m2$nmi 2 h\z:i5i,f^Km0mmmm.t(D^mm^^^^o ^r^. k 
m^mmmm 1 1 ±^zm^'r^m 1 mm 12a ^^^t^f ^*j)ist^©mj* 

20 ^sb^o ^bT^ ^n&(Dm^f}^^s mMMmi^^z:^m^^m2 
Td-rm^. irf3:t>t>mimmi 2 ahm2mmi 2 btccfett^^i^a^j^^ 
180" mj^d. mimmi 2 at.m2m.m1 2h<DKMmi)mm' 

25 i^l^T, *i|^»^l^^OTJ^S^2^I^P#JC^fet-feJs6fcf4, m 
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N> Ru:feJ;rKS i ^MVi§„ ^Tc. ^ 2 1 2 h^m^T^Unh 

M;!^^ Jpn. J.Appl.Phys. Vol40 (2001)pp6998-7001 0" Approach 
to patterning of extreme ultraviolet lithography masks" T 

m^^t>-^\z:is\,>x4^m\z±^<-m^^t-3f)^^jkm-f^f)^^-v;^^o -rfsit^ 

S iTmizM-r^Rum(DX.y^>:if^Cli^0,:ff7.iZj^^\^^^ 

15 Ar+Cl2:^fXt:iJ;S H ^-f X^;/5^>^fTfT'5«-&, RuT±t&«TaNll 

\Zlii't^Mom(DX.v^>if^^XSS iMcDXy5^>^fe Ar+Cl2;j?fX 
(CcfcS H^-rx^y5^>i^TffVi3l^lt*;^^<^'5o :*5:if 75: e> f^. Ru 

5 0^;^^^ 268'C, T ac^^'fbi^T a C 1 5©»;^« Ru 
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IS 1 1 ±(c:R u 2 nm. TaN7nm, R u 4 nm ©HifC^Ji $ tlT?^^]^ 

^m^vxi^^^o niM^i 2 a(Dh-^;n^ff« iinm. ^^i^mm 

^m(Dmmt 0.91 X$>r). J^g|5« 0. 02507i T$)^o |g 2 M 

5 i^l2b-e«. Ru4nm. Mo49niii, R u 2 nm ©JlgtC^Ji $ tlXJ^fig 
m^^^bXViSo B2^J^1 2 b© h-^;i/J^0(^ 55nm. -^^It^ 
a^¥®^SB« 0. 9174 0. J^gB« 0. 00764i TfeSo Jfe:fe. ^1 
12a tmz mm 1 2 b <t®J^#§|5:«'{c«> mm nOnm ®T a N 
©iRiijO^ 40nm mXj^^-^tlX^^^^o 
10 ^:(DJ;-5?5:«3t 1 tC:feViTs ^ 1 5 gI®^^^B«i3&^ 1 1 2 a 

tm2mm,i 2 h(Dm^^^i^^^. 90° ^ 270° (Z)^^*gi^<7Dig^35^ 

e>^^^^(l 43nm Tab IrI^Jc: 180° t 0 " (Dm^nB<DmWii^^ ^ 

^feTfe 43niii T^-So sfc. m4m(D^mmmmiz^niit. mimm 

12a 0. 39 D > m 2 12b (DKMm^t 0. 38 

^t. mxu^n m\zm-tm^tim^n^o mm<Dm^i)^^. mie 

20 «3tltC*5ViT. ^ 1 1 2 a (C^bT 0. 388 

TabD. H 2^:^ 1 2 b tcMbT 0. 387 Ta5 0^ ^Itl S CDl^CDRft^ 

0. 258% SlM:^l 2 a t^2«B:^l 2 bCD^ffi^ 

Jts TE (transverse electric) bT 1 78. 8° , TM 

(transverse magnetic) ^^fc^bT 178.7° iiiSi^o 

25 ^iO^'Dfs.m^ 1 ©i^^>y ^M^^Bv':? hTXi5^^ffi(ri;t^'&<3D^ 

mm^mt.. «3t 1 ® 4#*T7.i^±fcl^JS 120nin CDT aN^iR®^ 
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40nini|ii (^jL/\±^^T\tiojiia) x^m^Lx o j:-/\±izmythr^m'^ 

\Z. NA = 0.25. a =0.70 <h "5 ^^^^T^ t . m^\tmi 8 0 

sfc, mi mm 12a tm2m.m 12b <D^m^-^^ i8o° -ea^^ ^ 

5 40nm ijiiOT a N^JtXJiiCj;^ 320nni tf ^/5=- (C7XA±#>e:'r 

lOnm ifigT 80nm tf ©/liS^ — ><£^ViT> IJATtC^f (8) ^(D 
iiLm^^-^ib^^iiXmmX^^o fSi^. (8) ^CTf*, "^XAJiJccfe 

?> = /(x + 80)-/(x) (0^x:^80) • • • (8) 

10 

Z(D (8) ^^TEy?&. TMx?^:j3 j;tKTM z ^^^^MbTVXiJ7 H: 
±(c::fev:»T^8e);'tj^:^^m 1 9 ^(c^-r. 0^sj{cJ;n&^. TEyiS:feJ; 
ZSTM:ssi^th\Z. 180° (D^Sffi^^^Jf t^Jt LTV^^o — ::^> TM 
zm^. 180° :6^e,oTti/&^^j: DIS^-rt3:a&^:^>^ te^f;iB:t^-r^^fA 

mm 1 ^^zsmmmm 2 ^mm\zmr:ivx^r) ^ mimmi 2 a tm2 

M:^ 1 2 b <h-T?S#t^:*m^L < . ^cO'f4^@^;^>M80° X;^^ tm^^o 

'A^^x. z.cD^-oizmmmmmis^zsmm-^mm'^nrcmimmi 2 
20 a. (Dm^m^^zsmzmmi 2h (Dmmm^. Km^mmMm.! i±\z 
0^m-r^m'^<D^miz^\f^xmm\zm.m-r^o ^2 00-^2 sm\t. 

mr^m^\z},:^i. ^2 owwz^-r^oiz. ^-r. Km^mmMWLi i± 

25 -('rv'^:^^xAyy rmt\^xm^^?>n^unx$>^<Dx. ^(dm^^ 
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(X@4) „ 1/>?XM^*^«. ^2 0^1 2 bOiaJ^a-OTaNH^ 
Ar+Clj:^fXJ;:J:S H^-rx^;;5^>iJf jC^-:^T|^*-r^ (X@ 5 ) „ CI 
COT a N)»©T® R u/iJix^;/^^^^^^ h A°Ji <h bxatlT -5 ^1 
10 -^UT. l/i^;:^ bSriiJ^b (XS 6 ) . S^lKR u H A y iJ'liK 

(xa?) . ^m^-^Mom^T./'^y^J^m-t^ (X@8) » 

15 (x@9) . mm:^^nui^xhmm:!:m^mx. mimm 

1 2 a(D^^(DUi^X h^^^T^ (X@l 0) o ^LT. ^ 1 1 

2 aCDgg^i^OMo Ar+Cl2:^fX(::^-g) H ^-l' X>>5^>^{C«i; D 
f§ (XSll) „ ^:<DMoiBC0T®R u)lfiX5/5^>iyx h ^;//1M<h 

vxmm'r^:it\zf3i^o ^<Dmt. i^e^x h^iijiib (xigi2) , 

20 ^IJ^'R uSSrXA^y rJ^^fgrnr^ (X@ 1 3 ) o 

R uB€rfigmb7t^«. 5^ViT\ ^ 2 2 0 {C^-Tck ^ fc:> TaN®iR 
g^XAyiS'^Kmb (X@14) . $ Sfdl/v^X h^^^f § (X@l 

5) „ ^vx. mm^^nuz^::^hm,mxm^mx. Mmti^xn-r 

25 -e<Z)^, ^2 SEIfC^-r T a N®iRJS^ Ar+Cl2;j5fXfc:cfc§ 
X.y^>^\Z^V)m^'t^ (X@17) o JIODT aNS^iRjBODT 
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Ui^T. h^mm'rtl^:^ (XSIS) . RuJS^X-/5^>i^X h^/IJii: 
n^l 2 a^Vit. 1 JbtCR u 3 nm, T a N 5 nm. R 

10 n 7iim(Dmizmm-^nxm^m^m^vx^^^o mim^i2 8L(Dh 

0. 022171 T^^, ^fc. m2mmi 2 hX\t. R u 3 nm, Mo49nm. 

R u 4nm (DMizmm-^nxm^m^mm^^xi^^^o m2mmi 2 b© 

15 \t 0. 00782i Tafe-So 

^(Dj^^fs-mm. 2 (;i*5ViT> His m(Dmimm:fy^^mi mm 12a 
hm2mmi 2 h(Dmm^7kisb^t. 90° a: 270° ©^^laciBisoM^^o^ 

^tbxh unmx$>^o ^ft. m 4m(Dmmmmm\z^nu. mimm 

20 1 2 a(DKmm\t0.3SX;^O. m 2 mm 1 2 h (DKMmit 0. X^ 

^z.t^^t>-fy^^o ^vx. mm2iz^\,^x. nmizmp^^M^m^^h 
^ibxm2mmi 2 b (DMomm^^<t'^'^x&:m^tKumit^^ib 
m^itm2 sm^z^-ti^^ifim^ti^o mm(Dm^f)^^. 1124 
0jc^b;^c:«3t2 ^tim(Dmmmmmmp^iz^\^^xmmmmx$>^ 
25 z.h:fytmmx^^o 
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^Tc. mm2\z:^^^X. RMmi-t. ^IM^I 2 a^cMbX 0.399 
•V^Kt. H 2^J^ 1 2 b ICMUT 0. 396 Tfe ZLn^<Dm<DKlitm 
it« 0. 710%i:?^S„ bfe/^>t^x^ ^l^^l 2 8iiim2mmi 2h(D 
iimMU. TE?^(C^bT 178. 2° . TUmzMlyX nS.Z° tfSi^o 

^m^^^^t. mj^2<D4i^^:^^±izmm 120nm (Z)T aN©JRM<£ 
40nmi|i (^7XA±m&T« lOnm) xmmVX^ X./\±\zm^Vrcm^ 
iZ. NA = 0.25. o =0.70 L\^^oyt^^^X^^ M^^^m2 6BI 
\Z^'t<ko-fSi^^t^^o 

10 ^Tc. mimmi 2 atm2mmi 2 bo^^^j&t igo" x^^^it 

40nin i|ig©T aNffiJJRBtc: 320nm tf-/^ (e^XAi::^^^^* 
lOnm 80nra tf 5^) (DA°^ - > V^T, (8) 

. mM^T^i^^zLtxmmx^^o zkd (s) ^^teyi^. tmx^s*^ 

15 0^S|t-i;nt^^ TE y?S:feJ;tXTMx^fe^:'fe{C, 180° (Dftffi^^^i? 

t#i#LTVi^o TMz?s«. 180° ^^tbo^Tn-^^ji^^mmxit 

ms tame tomiz. m2mmi 2 h<D^^(DRum^ cij+o,:^fx 
\z^^ jLy^>-^\z^r)^^-r^j:mif)miii^n^Mxi^y3i^o 
112 8 mu. u^>v >miiLmi^y h-^T.^©^ s^cffioii^^jcDiff 
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•rm^i^^^o mimmi 2 aT«. KMs^mmmui i±icru 5 

nm^ TaN20nm^ S i 8 nm. Ru 5nm OMiz^m-^nxM^f^^M^ 
bTVi^o ^fzs m2mmi 2 bT«, Ru Snm, S i 8 nm, Ru 

43. 5nm (Dm\zmm-^nTm^m^m^vx\^^^o 

2 a:feJ:tK||2^l^ 1 2 b 0?^fiKM©^^*?r5|Sf J- s i ^m^^XV^^o ^ 
r.X. S i ©it^®ilf*«, 0. 99932-0. 001 82645 1 Tag) D > Um^tfr 

Sl^fi^ 1 1 -hfcR u 5 nm. TaN20nin. R u 5 nm <Dlit;:^P 
(Dt^TL. ^ 2m^l 2 hizMVXJitRu 5nm. R u 43. 5nm ©jlitC^ 

30nm. ^^mMm^^<Dm^\t0.mAX$>^. J^^a5« 0. 02687i Tab 

So ^zmmi 2h<Dh-i$^)vmm}tA8.5nm. -^mumm^jrmo^m^ 

J* 0.8875 T^D, 0. 01747i TcfeSo 

^(D^'^umMs \z^\,^x. mi dmcD^itmrni^^^f^immi 2 a 

25 tm2mi$^l 2 h<Dm^^l^tb^t. 90" ^: 270" (D^&*i^<D 

^SM^^^i 22nm T$) 0 . I^^Hi:: 180° 0 ° 6 
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^46^^ IGnm Tab^o ^ 4 0(D^Mii¥^tCcknt^. f^imm, 

1 2 a0Slt¥« 0. 14 T^f9. ^2 0i^ 1 2 bCDSIt^tt 0. 18 Tab 

ili:)«?^«iMT^'5o CKD^itSTft. ^ 1 tS:^ 1 2 a cfe J;^^^ 2 M:^ 1 

2 b(DJi^^i^(D«^!g;|5^i^}::S i^fflViT43D> -^©S i S {;i J: 

t.rc. mM3iZ:fy\,^X. KMm\t. 2 aJC^bTO. 195 

T^bD, ^ 2 1 2 b JC^^ bX 0. 200 Tfe D . C tl e> ® ^^(DSIt^ 
Ittt 2. 41%<h;5:'5o b;^;&t^T. mimmi 2 ai:m2M*^l 2 b© 
^3[^B^«. TE^^td^bT 185.3° . TM?g^}C>^ bT 1 85. 1° t^Si^o 

^m^^\t. MjB. 3 (D 4 7. ^ ±\zmm nOnm ©T a N^iRJi^ 
40nmili ("^XAJim^itX^ lOnm) X3#^KbT'^XA Jifc^^b;^^'^ 
fc, NA = 0.25. a =0. 70 iVi-5^^^#Ti5§<i:, -^^^^^3 013 
{c^t" J: "5 55: <t ^ -2) o 
20 ^fe. Hi mm, 12a ^112^^1 2 b (D^m^Tf)^ 180' Tab-S Jl^: 
fi, 40nm i|ii®T a Nffi^iIXMiCj;'S 320nin tf ('^XA±m^X« 
lOnin i|iMX 80nm hr-/5") ®Ai$'-><&ffl V^T. i^ibfe (8) ^(DiiL 

m^^^it^^z.hx^mm'v^^. z.(n> (s) ^^tey?^, tmxi^^s 

cfclKTM z ?^JC^bT'T;^/7it±JC*3V>T^J6;t^:^^H 3 1 |gIfC:^To 
25 m^JfCicnt^, TE y?^:feJ;tJCTMx^^<t 'bJ::. 180° Ofiffi^^^^f 
t^^JtbTViSc — TMzJdt«. 180" njJ>^J; D®^T« 
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2mmi 2 h(Dm^m^\zmmmf)^$>y) . ^n^encDmiz^m^^^cx 

10 #^ciid^njtiT^^o Tzfcv. mimmi 2 atm2mmi 2 h ii(D 
m^^^\zT a Nm^m ^mm-r^ z. t ^#«t-§ ^©ijnx®#a 

•^(DM.x. mimmi 2 a tm2mmi 2 h t(Dm\z^mi)^r3i< . 

112 0:^1 2 b hffi^^m.x^^m^(DMci$^m\z-o\,^xmm'r^o 

jt^^-rm^siEiT^^o mm<Dmm cut mm4] t\^^o) mi 
5 m(Dm&mm^^xsm Am<D^KMmwt^mzm'^^nrz. m^mm 
i^^xsm'^^t^2^mrc-rmmx^^. ^iMJ^i2aT«. 

WMX^S 1 1 ±tCR u 3 nm> T a N 7 nm, R u 6 nm^ Si 37nin> R u 
20 5nm ©M}:i^]i$nTf^fi^m^^^!KbTl.i§o ^7^. ^ 2 1 2 b 
Tti, Ru3nffl. Mo47nm, R u 8 nm ©MtClSji ^ nTJ^^!KJ^<£«^ 

C:CDSit4 fCcfeViT. ^IMJ^I 2 a<Dl^^m(Dmm.Mm\ZS i ^ffl 
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mt:m^. h^^-oTc^Lt^^-^mtu^o tf3:t>%. m^Mmi ^^zsm 
5 m&m 2 ^mr^-rm^it. mimmi 2 a},zMvx\tKM^mmmui 

l±{CRu3nm, T a N 7 nm. R u 6 nm. R u 5 nm ©jlRJC^^ L % 
<Dt^^. 112^:^1 2 bfc^bTJARu 3nm. Mo47nin, R u 8 nm 

<Dm\zmmi^r^%<Dt^^:^. ^^om-^comimmi 2 aoh—^jvm 
10 T^So f^2m^i 2b<Dh—^j\^mmu5snm. ^m^mmmm<Dm 

mtO.dlATVm^. 0. 000904i T?25So 

^(D<k'Dfj:mm4\z^\,^x. mi 5 m(DmiiLm'm^^mimm.i 2 a 
tm2mmi 2 h<Dmm^Mii>^t. 90° tzio" (Dm^w^(Dmmf)^ 

15 43niDT255o m4m(D^mmmm\z^n\rt. ^1^^ 

1 2 aORHmU 0. 15 T^D. ^2M^1 2 b©Slt^« 0.30 -ea& 

2 fcm^KbTl^i^feO©. mimmi 2 a ^:^2M^1 2 b tXRMm 

mp^^m^^m^^^mizmm-r ^ z. hx . m i mm i 2 a <hm 2 1 
^(Dfzi^iz. m7^4iz:^\,^x\t. mimmi 2 ai(DT a-Nm(Dmm. 

m2mi^ 1 2 b(^Mo]l©mj?> 1 1 2 aODS i JlODMJ? 

ma 3EI«. TaNB(DmjP:feJ;tJCS i ® OOM/S^—^ t bM o ^COM 
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10 TfeD. ll2^iSJ 1 2 bJcMLT 0. 287 T2feO> cn^(Dm(DKMm 
it\t0.e5%tf3:^o Vfct^-oX. ^immi 2 a tm2mmi 2 h<D 
^mm-^. TEJ^lCMLT ISO. 8° . TMi^fCpitbT 180. 5° ^U^o 

3ss^^*«> m7B4<D4m^7.^±\zmm i20nm (DT aNmmm^ 

15 40niniiii ('^7XA Jh#{4T« 1 Onm) Xm0^VT^ Ji/\±\zmytl^rcm'^ 

iz. NA=o.25. o =0.70 h^^^ytm^^x$>^t. mxum3 4m 

^Tc. ^l^J^l 2 a a:m2MJ^l 2 b (D^afB^;^^ 180° t 
40nm ilKDT a NKiRlifCc};^ 320nin tr^;/5^ ('^XA±:^{4Tti 
20 lOnm tlT 80nm t!«/^) (D — > (.^T. JikEL;^ (8) iCco^ 
n^^^ib^:iizXmmX^^o Z.(D (8) ^^TEyjgt. TMxJg^:fe 
^XSTUz mzn\^X'^7.^'^±.\z^\,^xikit>f^m^^^ 3 5 0{;:^-ro 
K^Jfcctntf. TE yi^43<j;rXTMx|^,hfe(d. 180° ©^iffi^^^^ 

f::-KJ#LTV:k-5o — TMzm-t. 180- :d^e>cD'rn7&^*J; DP^Trt* 

25 mmzi&,\t^m^\^o.A:%%um.x^^r:L}i^. ^5i^^j^#sr 
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